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In recent years, interest in combination of different sensing methods has emerged [1,2]. Being able to perform 

different measuring techniques at the same time on one platform allows to gain more information on the investigated 

object. One of such measuring techniques that merges two methods is the combination of spectroscopic ellipsometry (SE) 

and quartz crystal microbalance (QCM-D). Both methods are widely used for studies of thin films, thus the combination 

of the two allows to evaluate parameters of the investigated layers simultaneously. 

Thin gold layers are widely employed in planar nanophotonic devices and plasmon based optical sensors. One of 

such sensing applications uses the surface plasmon polaritons (SPP). In order to generate the SPP, a prism coupler is 

usually used in order to achieve the total internal reflection (TIR) condition required for the excitation of such surface 

waves, which are p-polarized. Due to the high sensitivity of the SPPs they are widely used in biosensing applications by 

using the surface plasmon resonance (SPR) method. The sensitivity of the SPP can be enhanced by employing total 

internal reflection ellipsometry (TIRE) method [3] allowing the measurement of the phase difference between p- and s- 

polarization components, giving much higher sensitivity compared to the commercial SPR optical biosensors that measure 

only the p- intensity. However, the advantages given by SPP in TIR configuration cannot be employed for the combined 

SE and QCM-D method as it is not possible to use a prism as a coupler. One of the solutions that could be employed is 

the use of Tamm plasmon polaritons (TPP). The TPP is an optical state similar to the electron states proposed by I. Tamm 

[4]. TPPs that can be generated at the boundary of a 1D photonic crystal (PC) and a thin metal layer. The TPP is an optical 

state occurring in the photonic band gap (PBG) of a 1D PC. Due to the in-plane wave vector (kTPP) that is smaller than 

the wave vector of light in vacuum (k), the TPPs can be excited directly without a coupler in contrast to the case of SPP. 

This advantage of the excitation configuration of the TPPs shows potential for their application to the combined SE and 

QCM-D method. 

In this research, a plasmonic-nanophotonic structure supporting TPP and cavity (CM) modes that was obtained by 

modifying a commercial QCM-D sensor chip was used. A 1D PC consisting of 10 TiO2/SiO2 (60 nm/110 nm) bilayers 

was grown on top of a 200 nm thick gold layer of the QCM-D sensor chip. Further, a 40 nm gold layer was sputtered on 

top of the PC. The modified sensor chip was then inserted in a chamber designed for combined SE/QCM-D measurements 

in liquids. In order to determine the sensitivity of the TPP and CM modes, the chamber was filled with H2O and ethanol. 

The experimental results of the commercial QCM-D and the modified QCM-D sensor chips were compared. The obtained 

sensitivity of ellipsometric parameters (Ψ and Δ) to the refractive index unit (RIU) were ΨTPP=126.78 RIU-1, ΔTPP=325 

RIU-1 for the TPP and ΨCM=264 RIU-1, ΔCM=645 RIU-1 for the CM exhibiting 23 and 49 times higher sensitivity for 

refractive index, respectively, for TPP and CM when compared to the standard QCM-D sensor chip. Furthermore, 

modified QCM-D sensorchip was employed for optical biosensing. The results showed higher sensitivity for the TPP 

mode than for the CM. This can be explained by the origin of both modes as the TPP excitation is generated near the 

surface where proteins attach, while the cavity mode is generated in the cavity between the two gold surfaces. 
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